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The Pythia-JN] package & a stand-aline software system for setting up and mmning the Fythia
Monte Cardo program fran within Java. Foll Pythia functonality & provided thmough a smple
“straght-forwand” interface to native FORTHRAN code. The package inchudes evampless for runming
Pythia within a Java framewark for Linear Callider detectar (LOD) simulations. These LO DY eocon-
pl= use Pythia for event generation, execute the 1S, Fast Monte Carle (FMO) detector sinmlation
andd perform nser analysis i Java andfor FORTRAM.

L INTRODUCTION

The Lund Monte Carlo program Pythia [1] I8 often used for event generation and hadronkation in High
Emergy Physics [HEP) studies. The Pyihia FORTRAN Implementation will lkely he wsed lor guite some time.
Meanwhile, the Java Language Environment [2] offers the possibility of developing physics analysis for the mext
generation of HEP faclitkes In a elean object-orlented methodolegy. A rellable Java Interface to Pythia would
allow mew plysles amd detector stdkes 1o take advantage of the existing Pythia oode.

The Pythla-JNI package [5] has been developed to provide a convenlent general purpose Java Interface to
the Pythia Monte Carlo system. Basle physles generation and ragmentation processing ls provided throogh a
Java Matlve Interface [JNI) to underlying Pyihla moutines, such as pygive, pylot, pyexec and pylsi. In a Java
Tramework package, the gemerated events are aceessed through a JNT lnterface 1o the HEPEvi oommon hlock
and passed to Jawa apalysls modules. Provilon has been made 1o run exbting User FORTREAN code through
a TserA nalysls ¢lass and eorresponding User-JNI Interface.

A Java software framework has been developed for Linear Collider detector (LCD) [3] simulations. In that
framework, the Java Analysk Studio (JAS) [4] provides a powerful environment for reading in existing Monte
Carle event files and running LOD reconstruction and analysls applications. For unkgee or large statistics
plysies amd fast detector studles, speclalized stand-alone a pplications can generate and analysls events saving
Intermediate histograms amnd resulis [or subseguent amalysis. JAS can then be sed to view histograms, analyze
Intermediate resulis and prepare lnal presentations. A mumber of simple stand-alone Java analysls examples
for Linear Colllder physles analysls and Fast Monte Carlo (FMOC) detector simulations are diseissed helow.

ILI. INTERFACIMNG TO PYTHIA

The Java Development Kit (JDK) [2] provides easy 1o 1se took for constructing interfaces to legacy code
such as Pyihla and the HEPEvi FORTRE AN common block. The developer describes the Java signature of
underlying “mative”™ methods with the reguired arguments and return varlables, The JOK wrlies a eader ke
specilying how the Interfage should be Implemented. A simple ANS-C Implementation s used to lnvoke Pythia
routines or o aceess HEPEvi event varlables.

The hep generator.pythia Java package eontains a “stralght-lorward” Interface 1o Pythia thmugh slmple
Interfacing methods, The Pythia Java class deseribes the sigmature of Pythia routines such as pylndt, pyeooc,
pylist, ete. Sinee the naming of Java packages and classes are unlgue, these same methods can be ascessed slmply
as Inlt, exee, Ist, ete, as Mustrated helow. A simpl Implementaton Pythlalop.c provides the Interface [oom
the Java language methods to the underlylog FORTBRAN mumtimes. A standard GNT Makelile & used 1o compike
the Java classes, make the native lnterface definitions and compile the C Implementations. Links to Pythia and
CERN object libraries are made in a shared object lhrary that is loaded Into the Java Virtual Machise [WM).
Pyilda can then be exeguted om s Java main method or Ineloded o applications.,

s eage :
To create the Pythis=INI interface
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Pythia pythia = new Pythia();

To set up & "Usar=-dafined" process
pythia . give(parameters); f/ Where perameters is a String of Pythia settings

To initialize Pythis, one can use
prithis.ini e{"CHS"  "e+" Ve='" Eem);

After Pythia event generation one can use the Fythis list facility with
pythia . lise(l);

A PythlaProcess ¢lass has been provided to allow dynamic leading of predefimed process settings Into
Pythia, sich as eetoZH, eetottbar, eic. The LD Pythialzenerator class, described In Sec. DT B, wses
a glven prooss name o dynamically load the appropriate Java class which In turn sets the requived Pyilia
configuration,

A HEPEwvt class, derived from the JAS [4] package, provides a Java Interface to the HEPEvi FORTRAN
common blpek, An ANS[AC Implementation HEPEvitImpse 15 wsed to Interface the Java methods o tle
HEFPEwt data stricture viewed from C. Java natlve methods such as gatWNEVHEP () and getNHEP([) return
the gemerated event number and mumber of particles, wepeetively. While methods siech as getPHEP(L]) return
double precislon valses for the lour momenta of each panticl. The HEPEwvi-JINI B lsaded in the Pythla shared
ohject lhrary 1o allow acoess to (e gererated event quantites.

IIL. JAVA FRAMEWORK

A simple Java framework for data processing has been developed as part of the JAS [4] environment. This base
framework has been extended for Linear Collider detector (LCD) [] simulations. In stand-alone Pythia-JNI
packages (5], the main program uses the base ramework in generating the Pythia events. The LCD simulation
and analysls Tramework 1s then wed lor Fast Mone Carly detector simulation amd user analysis,

A, Ewent generation

The hep analyals packs ge provides a hask Java simulation and analysls ramewok. A Job class has metlsds
for adding EventSouree's aml Event Analyzer's 1o the processing stream. When the progessors have been
loaded the Job executes a specified number of events, writlng out StAHEP events I requested, and then saves
hEitograms amd any other output at termisation.

In simulations, a maln program method cpeates an analysls job and then adds Pythla as the event sounce.
Varkus LOD simulation and analysls modules are then added as described helow.,

B. LCD Software (The hepled Class Library)

The hep.led ¢lass library [3] provides an extensible Java framework for running sophiticated analyses such
as [ast parameterized Monte Carlo [FasthC) slmulation and full event reconstroction. The LOD simulation
system allows analysls of generator-level four vectors, FastMO quantitbes or space polm data from the Tull
tracking package. Use of tle Java Language Envirgnment allpws rapkd development of analysk modules amd
re¢onstruetion algorithms with eccellent throwgh-put In procesing. A sulte of physkes amalysls ook, such as
hktograming, event display and jet Inding, enable sers o bialld on proven oode. The overall deslgn emplusizes
Nesdbllity and extensibility, ty pleally providing mudtiple algorithms in ollowing object-orlented design rules. The
Tramework can be wsed as a stamdalomse or run lnslde Java Analysls Studie. Within the modular LOD design,
Driver objects recelve the LCDEwvent data from the Monte Carlo generator and execute a list of Processor's.

The Pythia(zenerator ¢lass In the heplod.generat or.pythia package provides a wrapper o the Pythia
Java Interface described in See. L Tt executes Pythla methods o gememte each event and then peads out the
HEPEwvt commaon hlock In loming a valld LODEvent object.

The hep Jed e MCFast proeessor performs a simple parameterized Fast Monte detector simulation with
stralght lorward acoepiance cuis on final state particles. Charged particl momentum resolution tables calou-
lated for tracks at varlgs momenta and angles are sed lor smearing the generated particle momenta. Simple
parameterized energy resolutions ave used for photons and newtral lwad rons.
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FIG. 1: Comparsion of sumbated tracks with parent charged Mante Carlo particles [(a), and imvariant mas of be bar jets
in 500 GeV ete” collsions.

Java analysk modules can simply be added 1o the LD Famework as deseribed helow. A User-JNI Is avallahle
to il miuples lor wse In FORTRAN amalyses or to he wrltten out for sulseqguent. a malysis.

IV, JAVA ANALYSIEE EXAMIPLES

In the event generation and analyss examples, 8 main GenPythia class configures Pythia for e e—— bb
event gemeratin at SO0 GeV. I creates a hepoanalysls Job adding Pythila as the event spuroe. 4 simple
analysk Driver executes a ShapeA nalysls process to determine the event Thrist axk amd then executes e
Fast Monte Carle slmulation. The analysis Processor's deseribed below are then exequted,

The PythlaEwventA nalysls ¢lass gets the tracks and ¢lusters from the simulated event, wrltes owt the
quanties lor the et lew events and makes some simple histograms. In the plot shown in Fig, la, simulated
track momenta ave eompared to the generated charged particls momenta . The plot shows an average ¢larged
partiels momentum reselntion of abowt 0.1 % for tle Lamme TPO detector. _

The Pythlalet Analysis class ses tracks and clisters to led jeis In simulated &5 e™— b events,. Tle
reconstructed Jets are compared to the partons amd eptons om Pyihia event generation. The jet-jet Invariam
neass for b-bhar jeis are shown In Fig, 1h. The plot shows a hosad slgnal somewhat helow the CM emergy dise
to Indtlal state radlation and a peak due to radiathee return 0 the £ resonance.
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